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Aircraft Wireless Communication System and Method 

FIELD OF THE INVENTION 
The present invention relates to a system and method for providing v^ireless 
communication service in an aircraft. More particularly, embodiments of the invention 
relate to providing wireless communication service to an aircraft's passengers while 
avoiding possible interference with the aircraft's flight communication and/or control 
system. 

BACKGROUND OF THE INVENTION 
Commercial airlines have recently begun providing telephone service to 
passengers. Typically, an aircraft cabin contains a number of seatbacks that incorporate 
handsets from which passengers may place calls using credit cards or other payment 
mechanisms. These handsets are usually hard-wired to the seatbacks and are connected 
to a central communication control system in the aircraft. 

The use of hard- wired handsets in seatbacks, however, presents several problems. 
Physical wires must be strung from the central communication control system to each of 
the seatbacks selected for handset placement, resulting in potential difficulties in 
installation and/or maintenance. Additionally, since the handsets are hard- wired to the 
seatbacks, a passenger using one of the handsets will likely be restricted in movement by 
the attached cable connecting the handset to the seatback. As another disadvantage, 
because many such systems require several passengers to share a single handset, the 
abiUty of adjacently seated passengers to simultaneously place calls is limited. Finally, 
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these systems typically only allow passengers to place calls, and do not enable passengers 
to receive incoming calls. 

Recently, other solutions have been proposed to overcome the shortcomings of 
these hard-wired aircraft phones. These solutions address such issues as allowing a 
customer to place or receive calls using the customer's own handset. These more recent 
proposals, however, still suffer from various problems. 

U.S. Patent Number 5,995,833 sets forth a system in which one or more base 
stations are implemented in an aircraft. While purporting to enable a passenger to use a 
subscriber-provided radio telephone, this proposal does not indicate how to avoid 
possible interference with the aircraft's flight control and communication system. The 
system's use of base stations involves much more than simple relays or repeaters, and 
instead may use communications equipment that is "intelligent" in the sense that 
modems, switches, and other devices perform different functions depending on the 
identity of the users. The use of base stations may also make this proposal relatively 
expensive. 

U.S. Patent Number 5,519,761 sets forth a first proposal that includes a base 
station in the aircraft, and a second proposal that does not require such a base station. 
Neither of these proposals addresses the issue of possible interference with the aircraft's 
flight control and communication system. 

U.S. Patent Number 5,887,258 sets forth a proposal in which a personal means of 
radio communication, such as a mobile telephone, may be modified to accept a cable that 
plugs into an aircraft communication system. While this proposal may address 




electromagnetic interference with the on-board electronic systems of the aircraft, the use 
of the cable reduces portability, making this proposal somewhat inconvenient. 

These proposed solutions are largely silent on avoiding possible interference with 
an aircraft's flight control and communication system. Additionally, compliance with 
applicable aviation regulations may be complicated by the use of copper or other metallic 
conductors, such as coaxial cable, set forth in some of these proposals. Besides acting as 
possible antennas, these metallic conductors may present a risk of sparking thereby 
posing a potential fire hazard and serving as an additional potential source of RF 
interference. 

Aircraft instrumentation is often extremely sensitive so that potential interference 
must be carefiilly controlled. Because relatively long lengths of wire and cable are often 
bundled together due to space constraints in an aircraft, the possibility of interference is 
magnified. 

Thus, there is a need for a wireless communication system that enables a 
passenger to utilize a wireless handset on an aircraft without requiring hard-wired 
connections to the handset. Such a system should not necessarily require a base station in 
the aircraft. The system should be designed to avoid any possible interference with the 
aircraft's flight communication and control system, and should not significantly increase 
the likelihood of fire or explosion with the aircraft. 
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SUMMARY OF THE INVENTION 

In accordance with an illustrative embodiment of the present invention, some of 
the problems associated with existing aircraft communication systems are addressed. 

In a first embodiment, a system for providing wireless communication services to 
passengers of an aircraft includes an external antenna, a cabin antenna, and a signal 
pathway linking the external antenna to the cabin antenna. The signal pathway includes a 
low-energy transmission medium to help decrease any potential interference with 
sensitive equipment, such as the aircraft's flight communication and control system. The 
low-energy transmission medium may be non-metallic, such as optical fiber, for example. 
One or more repeaters may be included to amplify and relay the signal. Converters may 
be included to convert signals for transmission between different media types, such as 
from coaxial cable to optical fiber to radio frequency. If one or more repeaters are 
present, they may operate on more than one frequency range. 

In another embodiment, a method for providing wireless communication service 
to a passenger compartment of an aircraft includes receiving at an external antenna an 
incoming signal from a base station. The incoming signal is converted to an incoming 
low-energy signal. The incoming low-energy signal is conveyed across a low-energy 
transmission medium and is converted to an intemal incoming signal. The internal 
incoming signal is transmitted into the passenger compartment for reception by one or 
more wireless handsets. The low-energy transmission medium may be non-metallic, 
such as optical fiber, for example. The steps of repeating and converting the incoming 
external signal may be performed in an electromagnetically isolated portion of the aircraft 
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to help to help decrease any potential interference with sensitive equipment, such as the 
aircraft's flight communication and control system. 

In yet another embodiment, a method for providing wireless communication 
service to a passenger compartment of an aircraft includes receiving an outgoing internal 
signal from a wireless handset located in the passenger compartment. The outgoing 
internal signal is converted to an outgoing low-energy signal, such as light energy on a 
fiber optic cable. The outgoing low-energy signal is conveyed across a low-energy 
transmission medium and is converted to an outgoing external signal. The outgoing 
extemal signal is transmitted for reception by a base station. 

In still yet another embodiment, a system for providing wireless communication 
service to a passenger compartment of an aircraft includes an extemal anterma operable 
to receive an incoming extemal signal from and transmit an outgoing extemal for 
reception by a base station. A repeater having an amplifier may be included to repeat the 
incoming and outgoing signals. First and second converters may be included to convert 
between signal types, such as between hght energy and radio frequency signals. The 
second converter may be part of a cabin anteima unit, which is operable to transmit 
signals to and receive signals from one or more wireless handsets. The first and second 
converters may be linked via a fiber optic cable or other low-energy transmission 
medium to help decrease any potential interference with sensitive equipment, such as the 
aircraft's flight communication and control system 



BRIEF DESCRIPTION OF THE DRAWINGS 



Preferred embodiments of the present invention are described with reference to 
the following drawings, wherein: 

FIG. 1 is a simplified block diagram illustrating an aircraft wireless 
communication system according to an exemplary embodiment of the present invention; 

FIG. 2 is a simplified block diagram illustrating an aircraft wireless 
communication system according to an exemplary embodiment of the present invention; 

FIG. 3 is a simplified block diagram illustrating an aircraft wireless 
communication system according to an exemplary embodiment of the present invention; 

FIG. 4 is a simplified block diagram illustrating an aircraft wireless 
communication system according to an exemplary embodiment of the present invention; 

FIG. 5 is a simplified block diagram illustrating a wireless communication system, 
including an aircraft wireless communication system, according to an exemplary 
embodiment of the present invention; and 

FIG. 6 is a flow diagram illustrating a method for providing wireless 
communication service to an aircraft's passenger compartment according to an exemplary 
embodiment of the present invention. 



DETAILED DESCRIPTION 

FIG. 1 is a simplified block diagram illustrating an aircraft wireless communication 
system 100 according to an embodiment of the present invention. The system 100 includes 
a first portion 102 that is substantially on the exterior of the aircraft, a second portion 104 
that is substantially within the passenger compartment, and a third portion 106 that is 
substantially within an electromagnetically isolated area. One or more of the portions 102- 
106 may be combiaed without departing fi-om embodiments of the present invention. 
Similarly, additional portions beyond portions 102-106 may be included. The 
electromagnetically isolated area may be located outside the aircraft in one embodiment. 

The portion 102 includes an extemal antenna 108. The extemal antenna 108 may be 
a belly antenna or a tail antenna, for example. Other antenna locations may also be utilized. 
In some cases, the extemal antenna 108 may actually be at least partially intemal to the 
aircraft if known measures are taken to avoid significant deterioration of the antenna's 
transmission capabilities. A first transmission medium 110 may be connected to the 
extemal antenna 108 and may include at least one coaxial cable for conveying 
communication signals, such as RF signals, to and from the extemal antenna 108. 
Implementations other than coaxial cable(s) may also be used. For example, optical fiber, 
twisted pair(s), or RF transmission may be used. Alternatively, the extemal antenna 108 
may be directly attached to or included within another part of the system 100. For example, 
the extemal antenna 108 may be mounted directly on the chassis of a repeater or other 
component. In such a case, there would be no need for the first transmission medium 110 
because signals would likely be conveyed through intemal circuitry and connections. 
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The second portion 106 may include a repeater 112 connected to a transmission 
medium converter 1 16 by a second transmission medium 114. The extemal antenna 108 
may be connected to the repeater 1 12 by the first transmission medium 110. The second 
transmission medixim 114 may include one or more coaxial cables or other types of 
transmission media that are known by those skilled in the art. In some cases, the repeater 
112 and the transmission medium converter 116 may be combined, so that there may be no 
need for the second transmission medium 1 14. 

The repeater 112 repeats the incoming extemal signal received at the extemal 
antenna 108. This may include performing such functions as ampHfication, conditioning, 
and/or noise removal, for example. Besides operating on incoming extemal signals received 
through the extemal antenna 108, the repeater 112 may also repeat outgoing extemal signals 
received fi-om within the aircraft for transmission through the extemal antenna 108 to a base 
station antenna on the ground. In one embodiment, the repeater 112 relays signals to and 
from a base station situated at a remote location from the aircraft, such as on the ground or 
on a building. In an alternative embodiment, the system is essentially passive, and the 
repeater 1 12 is omitted. 

In some cases, it may advantageous to include multiple repeaters. For example, if 
two frequency ranges are being ampUfied (such as to support two different wireless 
technologies), then two repeaters may produce better results than one repeater produces. 
Possible exemplary frequency ranges include from approximately 400 MHz to 
approximately 500 MHz, from approximately 800 MHz to approximately 900 MHz, and 
from approximately 1800 MHz to approximately 1900 MHz. Other frequency ranges may 
also be used in various embodiments of the present invention. The ranges will typically 
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correspond to the frequencies in use by service providers. 

The transmission medium converter 116 serves to convert from one medium to 
another, such as from coaxial cable to optical fiber, and vice- versa. Additionally, the 
transmission medium converter 116 may also be used to implement a distributed antenna 
system v^ithin the passenger compartment portion 104. In such a system, there may be more 
than one cabin antenna unit 120 in the passenger compartment 104, and the transmission 
medium converter 116 may connect the at least one cabin antenna unit 120 to the rest of the 
wireless communication system, including the repeater 112 and the external antenna 108. In 
addition, there may be more than one signal type and/or frequency transmitted from the at 
least one cabin antenna unit 120. 

The portion 104 inside the passenger compartment may include a low^-energy 
transmission medium 118 and at least one cabin antenna unit 120. The cabin antenna unit 
120 enables communication of incoming and outgoing internal signals with v^reless 
handsets used by passengers. The cabin antenna unit 120 may include at least one cabin 
antenna and at least one converter for converting outgoing intemal signals received from 
wireless handsets into signals that are suitable for transmission on the low-energy 
transmission mediimi 118, and vice- versa. For example, the cabin antenna unit 120 may 
convert an RF signal received from a handset into light energy for transmission on an optical 
fiber, and vice- versa. The cabin antenna unit 120 may be positioned to minimize 
interference with sensitive equipment, such as the aircraft's flight control and 
communication system. For example, if an aircraft's passenger compartment includes two 
cabin antenna units 120, the first antenna unit 120 may be placed at the front of the 
passenger compartment (near the cockpit) in such a way that the transmission pattern is 
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directed substantially away from the cockpit. Because an aircraft's flight control and 
communication system is often located substantially in the cockpit area, any potential 
interference may be reduced by minimizing the back lobe energy from the first antenna unit 
120. The second antenna unit 120 may be placed at the rear of the passenger compartment 
in such a way that the antenna transmissions are much weaker near the front of the 
passenger aircraft (near the cockpit) than near the rear of the passenger aircraft. 

The low-energy transmission medium 118 is selected to reduce the likelihood of any 
possible interference with the aircraft's flight control and communication system. The term 
"low-energy transmission medium" is defined herein to mean a transmission medium 
having lower electromagnetic emissions levels than exhibited by standard coaxial cable. 
The term "low-energy signal" refers to a signal, such as light energy, being conveyed on a 
low-energy transmission medium. The phrase "low-energy" is not intended to describe the 
characteristics of the signal being conveyed, but is instead intended to describe the external 
emissions resulting from the signal being conveyed on the transmission medium. The low- 
energy signal preferably exhibits no more electromagnetic emissions than are tolerable by 
proximate equipment, such as a portion of a flight communication and control system, for 
example. The low-energy transmission medium 1 18 is preferably one or more optical fiber 
segments connecting the cabin antenna unit 120 to the transmission medium converter 116. 
Other nonmetallic transmission media types may also be used, as may some metallic types 
that are well shielded. Because optical fiber conveys light energy but is a poor conductor of 
electricity, any possible electromagnetic interference is likely to be greatly reduced from 
what might otherwise exist if other types of transmission media, such as coaxial cable, were 
to be used. Thus, if optical fiber is used to implement the low-energy transmission medium 
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118, then the transmission medium converter 116 will function to convert an incoming 
external signal, such as an RF signal, to an incoming low-energy signal, such as an optical 
signal composed of light energy. Likewise, the cabin antenna unit 120 will convert the 
incoming low-energy signal to an incoming intemal signal that may be used by a 
passenger's wireless handset. For example, the cabin antenna unit 120 may convert the light 
energy to an RF signal, and may convert an RF signal received from a passenger's wireless 
handset to light energy to be conveyed across the low-energy transmission medium 118. 

FIG. 2 is a simpUfied block diagram illustrating an aircraft wireless communication 
system 200, according to an exemplary embodiment of the present invention. The system 
200 illustrates an implementation in which a coaxial cable 210 is used to connect an external 
antenna 208 to a repeater 212, and to connect the repeater 212 to a coax/fiber converter 216. 
At least one cabin antenna unit 220 is linked to the coax/fiber converter 216 by an optical 
fiber distribution system 218. 

FIG. 3 is a simplified block diagram illustrating an aircraft wireless communication 
system 300, according to an exemplary embodiment of the present invention. An aircraft 
fuselage portion 302 includes a passenger compartment 304 having a number of passenger 
seats 306. A cockpit area 308 is also shown. An electromagnetically isolated portion 310 
helps to prevent electromagnetic interference of the wireless communication system with the 
aircraft's flight control and communication system. Electromagnetic isolation may be 
provided by appropriate shielding and/or placement away from sensitive equipment. 

The wireless communication system includes at least one external antenna 312, at 
least one cabin antenna unit 322, and a low-energy transmission medium 320 serving as at 
least a portion of a signal pathway linking the at least one external antenna 312 to the at least 
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one cabin antenna unit 322. The signal pathway may further include at least one repeater 
3 1 4, a transmission medium 316, and a transmission medium converter 318. One or more 
of these individual components may be combined with one or more other components, 
which may result in the absence of a particular transmission medium, such as a connecting 
cable, histead connectivity may be obtained through internal connections, for example. 

The external antenna 312 may be a belly antenna or a tail antenna. Other choices for 
antenna placement may also be used. The external antenna 312 is operable to transmit and 
receive at least one external signal between the aircraft and a base station located at a 
different location, such as on the ground or on a building. 

The repeater 3 14 is operable to convey an incoming external signal received by the 
extemal antenna 312 to additional portions of the wireless communication system, such as 
the converter 318. The repeater may be connected to the extemal antenna 3 12 by a 
transmission medium, such as a coaxial cable. Altematively, the repeater 314 may be 
directly connected to the extemal antenna 3 12, as is shown in FIG. 3. The repeater 314 
repeats the incoming extemal signal received at the extemal antenna 312, which may 
include performing such fiinctions as amplification, conditioning, noise removal, or other 
similar functions. Besides operating on incoming extemal signals received through the 
extemal antenna 312, the repeater 314 may also repeat signals received by the cabin antenna 
unit 322 for transmission through the extemal antenna 3 12 to a base station. Multiple 
repeaters may also be used, and the placement of the repeater 314 may be altered fi-om what 
is shown in FIG. 3. The repeater may be one or more R1910C repeaters fi-om Watkins- 
Johnson of Palo Alto, California, for example. In a passive embodiment, the repeater(s) 
may be omitted entirely. 
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The transmission medium converter 318 may be connected to the repeater 314 by a 
transmission medium 316. The transmission medium 316 may be one or more coaxial 
cables, for example. Because the repeater 314, transmission medium 316, and the converter 
318 are preferably located in the isolated portion 310, there may be a reduced risk of 
electromagnetic interference from what might otherwise exist if the transmission medium 
316 were located outside of the isolated portion 310. The converter 318 converts an 
incoming external signal received from the repeater 3 14 on the transmission medium 316 
for transmission across the low-energy transmission medium 320. For example, the 
transmission medium 316 may be a coaxial cable operable to convey RF signals. The low- 
energy transmission medium 320 may be one or more optical fibers operable to convey light 
energy between the converter 318 and the cabin antenna unit 322. In this case, the converter 
318 converts RF signals into light energy and vice versa. The converter 318 may, for 
example, be selected from the RFiber™ or Litenna™ line of products offered by Foxcom 
Wireless of Jerusalem, Israel and Vienna, Virginia. Other similar devices may also be used, 
such as one or more devices from the LGCell Equipment line of products offered by L.G.C. 
of San Jose, Califomial, or from Allen Telecom Group of Dallas, Texas. A combined 
repeater/converter may be used instead of the separate repeater 314 and converter 318 that 
are shown in the system 300. The availability, performance, and pricing of commercial off- 
the-shelf products may contribute to a decision to use one implementation versus another. 

The low-energy transmission medium 320 is preferably single mode optical fiber to 
provide sufficient bandwidth to support multiple handsets and/or data-intensive appUcations 
running on the handset(s). Although the low-energy transmission medium 320 is shown 
outside of the passenger compartment 304, this is for convenience only, and at least a 
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portion of the low-energy transmission medium 320 may be within the passenger 
compartment 304. The low-energy transmission medium 320 helps to avoid emission of RF 
signals within the aircraft, which might otherwise interfere with the aircraft's flight control 
and communication systems. 

The cabin antenna unit 322 is a remote antenna unit that converts incoming low- 
energy signals conveyed on the low-energy transmission medium 320 to incoming internal 
signals that are usable by one or more handsets in the passenger compartment 304. For 
example, the cabin antenna unit 322 may convert light energy to RF signals, and vice versa. 
The placement of the cabin antenna unit 322 may be determined using standard RF 
engineering methods known by those having skill in the art. The RFiber™ and Litenna™ 
product lines from Foxcom Wireless include devices that may be used to implement the 
cabin antenna unit 322. Similarly, ChrisCraft of Manchester, New Hampshire offers a 
remote antenna unit that may be ixsed in various embodiments of the present invention. 
LGC and Allen Telecom Group provide similar products. The cabin antenna unit 322 is 
preferably designed to exhibit a high front-to-back ratio to lessen any potential interference 
with the aircraft's flight control and commimication system. The cabin antenna unit 322 is 
also preferably positioned to ensure that the repeater 314 maintains stable operation and 
does not suffer from feedback due to cross-reception between the extemal antenna 312 and 
the cabin antenna unit 322, as will be understood by those having skill in the field of antenna 
theory. 

FIG. 4 is a simplified block diagram illustrating an aircraft wireless communication 
system 400 according to an exemplary embodiment of the present invention. The system 
400 differs from the system 300 shown in FIG. 3 in its inclusion of a second cabin antenna 
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unit 426 linked to the converter 41 8 by a second low-energy transmission medium 424. 
Other parts of the system 400 are similar to those shown in the system 300. The distribution 
system connecting the converter 418 to the cabin antenna units 422 and 426 may be other 
than what is shown in FIG. 4. For example, a fiber optic bus system may be used instead of 
the arrangement shown with the low-energy transmission media 420 and 424. 

A handset for use with the present invention may be a passenger's wireless handset, 
such as a portable handheld phone, a pager, or a personal digital assistant (PDA) having 
wireless capabilities. The handset is also preferably usable outside the aircraft with a 
conventional terrestrial wireless cormnunication system. A variety of different proprietary 
and standard wireless technologies, such as IS95, IS136, 3G, IS54, GSM, AMPS, TAGS, 
JTACS, CDMA 900, CDMA 1.8, Nextel, EMSR (iDen), NMT, and others, may be 
supported by systems 100, 200, 300, and 400. 

Because the systems 100, 200, 300, and 400 may make use of one or more repeaters 
in the aircraft instead of a dedicated base station in the aircraft, more than one wireless 
technology may be supported. The repeater(s) will simply pass on (relay) appropriate 
signals between base stations and handsets corresponding to the same technology. Because 
different wireless technologies utilize similar frequencies, a single repeater may be usable 
with more than one technology. Where frequencies ranges for different wireless 
technologies are too far apart to allow efficient amplification from a single repeater, more 
than one repeater may be more effective. For example, it may be feasible to use one 
repeater to relay frequencies in the 800 and 900 MHz bands, and a second repeater to relay 
frequencies in the 1.8 and 1.9 GHz bands. Altematively, an upband/downband converter 
may be included to recognize and convert signals from one frequency into signals of another 



16 



frequency. 

FIG. 5 is a simplified block diagram illustrating a wireless communication system 
500, including an aircraft wireless communication system, according to an exemplary 
embodiment of the present invention. The system 500 includes an aircraft 502 having an 
external antenna 504. The external antenna 504 allows communication between passengers 
on the aircraft 502 and a base station 508. The base station 508 may include an air/ground 
antenna 510 and a conventional terrestrial antenna 512. The air/ground antenna 510 enables 
communications with the aircraft 502, while the terrestrial antenna 512 provides wireless 
communication service to a handset 514 for use on the groimd. The air/ground antenna 510 
and the terrestrial antenna 512 are linked to at least one base transceiver system (not shown), 
which may be connected to the Public Switched Telephone Network (PSTN) or some other 
communication network, for example. 

The air/ground antenna 510 on the base station 508 and the external antenna 504 
communicate incoming and outgoing extemal signals via an air interface. The air/ground 
antenna has a energy pattern that is substantially pointed skyward, so that the airspace 
surrounding the base station 508 is substantially within the energy pattem. The air/ground 
energy pattem preferably is insubstantial at locations on the ground. For example, the 
air/groxmd energy pattem may be substantially hemispherical in shape and may be directed 
away from the ground. The signals transceived to and from the air/ground antenna 
preferably are at conventional wireless frequencies, such as the 800-900 MHz or 1.8-1.9 
GHz ranges, for example. 

FIG. 6 is a flow diagram, illustrating a method 600 for providing wireless 
communication service to an aircraft's passengers according to an embodiment of the 



17 



• m 

present invention. The method 600 includes two processes or methods that may occur in 
parallel. The first process (steps 602-610) is used to communicate signals fi:'om a base 
station to a passenger's handset on the aircraft. The second process (steps 612-620) is used 
to communicate signals fi-om the passenger's handset to the base station. 

Li step 602, an incoming extemal signal is received fi-om a base station at the 
aircraft. The incoming extemal signal may be repeated, which may include amplification, 
signal conditioning, and other relaying Amotions. In step 604, the incoming extemal signal 
is converted to an incoming low-energy signal, such as an optical signal composed of light 
energy, hi step 606, the incoming low-energy signal is conveyed across low-energy 
transmission media. The low-energy transmission media may, for example, be one or more 
fiber optic cables, hi step 608, the incoming low-energy signal is converted to an incoming 
intemal signal, such as an RF signal usable by a passenger's handset. In step 610, the 
incoming intemal signal is transmitted into the passenger compartment so that it may be 
received by a passenger's wireless handset. 

A process for communicating signals fi'om a wireless handset to a base station is 
preferably performed in parallel with the process for communicating signals fi'om the base 
station to the wireless handset. In step 612, an outgoing intemal signal is received firom a 
wireless handset in the passenger compartment. In step 614, the outgoing intemal signal is 
converted to an outgoing low-energy signal, such as an optical signal composed of light 
energy. In step 616, the outgoing low-energy signal is conveyed across low-energy 
transmission media. In step 618, the outgoing low-energy signal is converted to an outgoing 
extemal signal. In step 620, the outgoing extemal signal is transmitted to a base station. 

The aircraft wireless communication described herein may be ahered somewhat 
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without departing from the intended scope of the present invention. For example, different 
amphfication techniques may be used from what has been described. In addition, the 
placement of various components may differ from what is shown in FIGs. 1-5. Various 
modifications may be made to accommodate a variety of wireless technologies. Lastly, 
although the techniques disclosed herein were discussed with reference to an aircraft, the 
concepts may be appUcable to other environments in which avoidance of potential 
electromagnetic interference is desired. For example, other transportation vehicles, such as 
trains or ships having sensitive communications and/or control circuitry may find the 
presently disclosed invention to be useful for avoiding potential electromagnetic 
interference, as may certain other structures. 

Preferred and alternative embodiments of the present invention have been 
illustrated and described. It will be understood, however, that changes and modifications 
may be made to the invention without deviating from its true spirit and scope, as defined 
by the following claims. 
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